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A facile catalyst-free tandem sp3 C-H functionlization/ decarboxylation of
4-oxo-4H-chromene-3-carboxylic acid with 2-alkylazaarenes was developed, which can
efficiently construct azaarene 2-substituted chromanones in moderate to good yields. This
method proves to be efficient and innovative and the biologically significant azaarene

2-substituted chromanones can be accessed in a single step through this methodology.
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A facile catalyst-free tandem sp’ C—H functionlization/
decarboxylation of 4-oxo-4H-chromene-3-carboxylic acid
with 2-alkylazaarenes was developed, which can efficiently
construct azaarene 2-substituted chromanones in moderate to
good yields. This method proves to be efficient and innovative
and the biologically significant azaarene 2-substituted
chromanones can be accessed in a single step through this
methodology.

Over the past years, the concept of privileged skeleton has arisen and
played important role in drug discovery and development. There is
no dispute that chromanone is such a scaffold which represents an
important class of naturally occurring structures, characterized by
their abilities to interact with a number of different receptors in the
body,' e.g. Taxifolin (Antibacterial),'® 12-Oxocalanolide A (Anti-
HIV-1),> Aposphaerin A (Antibacterial),'" Gonytolide A (Innate
immune promoter) (Figure 1).'"™ Due to their attractive
pharmacological and biological properties, great efforts have been
devoted to the development of efficient synthetic approaches to
access this class of privileged compounds during the past decades.’
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Figure 1. Several natural products with chromanone as the structural
scaffold

Intramolecular Stetter reaction has been demonstrated to be a
powerful strategy for the synthesis of 3-substituted chromanones,**™"
while 2-substituted chromanones can be facilely accessed via 1,4-
conjugate addition of various nucleophiles to chromones.'® **> This
structure can also be readily furnished via alkyltin-free radical
methodology® or intramolecular oxa-Michael cyclization of
substituted ~ 2-hydroxy-chromones prepared in situ'® 7 or
beforehand.* ® Remarkably, Photo-Fries rearrangement has also been
exploited to prepare chromanones from readily available (hetero)aryl
3-methyl-2-butenoate esters.” Fused or spiro chromanones can also
be facilely constructed through the direct oxidative coupling,'® 1,3-
dipolar cycloaddition,'! Diels-Alder reaction,'? etc.

The azaarene unit is an extremely important pharmacophore
which exists in many natural and synthetic bioactive compounds.'
Owing to the high significance of azaarenes and chromanones, it is
of vital importance to modify and functionalize these two class of
compounds from the viewpoints of both organic and medicinal
chemists. However, to the best of our knowledge, no direct method
is available to prepare this novel and biologically important
azaarene-2-substituted chromanones despite their potential to be new
biologically important compounds and new pharmaceuticals.

Substituted azaarene derivatives can be readily accessed via
activation of 2-alkylazaarenes catalyzed by a variety of transition
metals, such as scandium,'* copper,' palladium,16 iron'” and
ytterbium.'® Recently, significant progresses have been achieved for
direct sp® C—H functionalization of 2-alkylazaarenes without
resorting to the toxic transition metals.'**® As a continuation of
development of efficient and green methodology to construct
biologically and pharmaceutically important molecules, * herein we
report a catalyst-free tandem sp> C—H activation/decarboxylation of
2-alkylazaarenes with 4-oxo-4H-chromene-3-carboxylic acids which
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furnished the azaarene 2-substituted chromanone derivatives in one
step (Scheme 1c).

From our previous work,”® we have learned that carboxylic
group introduced into electron-deficient olefins can serve as
Bronsted acids for activation of 2-alkylazaarenes, triggering the
reaction in the absence of catalyst. As a further research of this
chemistry, 4-oxo-4H-chromene-3-carboxylic acid was selected as
the substrate to undertake this tandem reaction, aiming to construct
azaarene 2-substituted chromanone derivatives in one step. To
validate our proposal, the initial investigation was conducted via the
reaction of 4-oxo-4H-chromene-3-carboxylic acid 1 and 2,6-lutidine
2a under catalyst-free condition in dioxane at 140 ‘C (Table 1, entry
5). Gratityingly, the reaction proceeded successfully and the coupled
product 3a was obtained in 67% yield. Notably, only one methyl of
2,6-lutidne was functionalized, which might be rationalized that the
second functionalization of 3a was blocked because of the increased
steric hindrance in 3a. The employment of other solvents only led to
inferior yields (Table 1, entries 1—4). Afterwards, a variety of Lewis
acids and Brensted acids (10 mol%) were examined at 140 ‘C for
comparison with the catalyst-free condition. It was intriguing to find
that almost all the tested Lewis acids and Brensted acids, such as
Sc(0OT9)3, La(OTf);, AgOTf, TfOH, HOAc (Table 1, entries 6-
9,11), gave inferior yields except TFA (Table 1, entry 10), which
were in sharp contrast with the effective sp> C—H activation reaction
catalyzed by Lewis and Brensted acids.'****2% Thus our hypothesis
was eventually corroborated.

Table 1 Optimization of Reaction Conditions *

E:fjj/COOH)\/j\ 1,4-Dioxane
140°C
Entry Solvent Catalyst Yleld(%)
1 DMF - 38
2 THF - 39
3 Toluene - 35
4 DCE - 26
5 1,4-Dioxane - 67
6 1,4-Dioxane Sc(OTf); Trace
7 1,4-Dioxane La(OTf); 16
8 1,4-Dioxane AgOTf 65
9 1,4-Dioxane TfOH 23
10 1,4-Dioxane TFA 70
11 1,4-Dioxane AcOH Trace

* Reaction were conducted with 1 (0.3 mmol), 2a (0.75 mmol) in 2 mL
solvent at 140 “C for 48h ” The yields indicated are the isolated yield by
column chromatography.

Subsequently the substrate scope was investigated and the results
are shown in Scheme 2. A series of electronically and sterically
diverse 2-alkyl substituted azaarenes were tolerated under the
optimized condition. The position of alkyl group was critical to the
success of this tandem process. For example, the methyl of 2-methyl
pyridine and 3-nitro-2,6-lutidine could be smoothly functionalized
(3b, 3c¢); whereas the 3-methyl or 4-methyl on pyridine substrates
could not be tolerated in this reaction (3e and 3r). The steric
hindrance dramatically influenced the yields of the products such as
yields of 3d, 3e were decreased when compared with 2-
methylpyridine (3¢) and product (3q) was not determined. Notably,
free OH group can be tolerated in this reaction (31). The electron-
donating groups such as OMe and OBn were beneficial to this
reaction (3m, 3n). However, when nitro group was introduced to
para-position of 2,6-lutidine, the yield was decreased to 56% (3b),
which might be ascribed to electron-deficiency caused by nitro
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group. Additionally, 2-methylquinoline (3h), 1-methylisoquinoline
(3p), 2,6-dimethylquinoline (3i) and 6-bromo-2-methylquinoline (3j)
were also well-tolerated to produce the analogous coupled products
in moderate to good yields. Moreover, the methyl of 4-
methylpyrimidine (3f) and 2-methylpyrazine (3g) could also be
functionalized. As to 3j and 3k, the bromo- and chloro-substituents
are versatile synthetic handles which can be further elaborated in
miscellaneous means, e.g. transition metal catalyzed couple reaction
and lithium-halogen exchange reaction. Other 4-oxo-4H-chromene-
3-carboxylic acids such as 6-methyl-4-oxo-4H-chromene-3-
carboxylic acid can also work for this reaction to give product 3q in
51% yield.
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“Reactions were conducted with 1 (0.3 mmol), 2a (0.75 mmol) in 1,4-
dioxane (2 mL) at 140 °C for 48h; * The yields indicated are the isolated
yield by column chromatography; © 20 mol% TFA or 20 mol% AgOTf

Scheme 2. Substrate scope.

To explicate the reaction mechanism, 3-acetyl-4H-chromen-
4-one 4 and 4-oxo-4H-chromene-3-carbaldehyde 5 were prepared
and subjected to the optimized condition (Scheme 3). Despite the
fact that the acetyl and formyl group are electron-withdrawing
groups which can make the alkene more electrophilic, both of them
remained intact under the standard reaction condition. No reaction
occurred even in the presence of AcOH (10 mol%), Sc(OTf); (10
mol%), or TFA (20 mol%). These results strongly indicated that the
presence of carboxylic group connected to the alkene at C-3 position
was crucial

This journal is © The Royal Society of Chemistry 2012
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Scheme 3. Control Experiments

and irreplaceable for this tandem process. Presumably, the carboxyl
group in C-3 position of 4-oxo-4H-chromene-3-carboxylic acid 1
can not only render the alkene electron deficient, but also bring the
2-alkyl-azaarene closer to the Michael acceptor by hydrogen
bonding.

On the basis of the above-mentioned reactions, the proposed
mechanism is outlined in Scheme 4. Basically, 4-oxo-4H-chromene-
3-carboxylic acid 1 and 2-methylazaarenes 2 aggregate together via
hydrogen-bonding interaction, followed by protonation of 2-
methylazaarene 1 to give pyridinium A. As a result of the enhanced
acidity of the benzylic proton, the cleavage of benzylic C-H bond
ensues to afford enamine intermediate B, which attacks the electron-
deficient alkene of 1 via the well-organized transition state I, giving
rise to the intermediate D. In the transition state C, hydrogen-
bonding interaction between intermediate B and 4-oxo-4H-
chromene-3-carboxylic acid 1 helps the nucleophilic enamine B to
approach  electrophilic  alkene  moiety. The subsequent
decarboxylation and isomerization of intermediate D leads to the
final product 3a. The overall result of this tandem process is that the
comparatively inert benzylic sp® C-H bond is activated and directly
functionalized. In the whole process, hydrogen bonding plays a key
role for the success of this transformation.
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Scheme 4. Proposed reaction mechanism.

Conclusions

In summary, a facile catalyst-free tandem sp3 C-H

functionlization/decarboxylation of 4-oxo-4H-chromene-3-
carboxylic acid with 2-alkylazaarenes was developed, which
efficiently constructed biologically significant azaarene 2-
substituted chromanone derivatives in one step. A variety of
electronically and sterically diverse azaarenes were well
tolerated, and the coupled products were isolated in moderate to
good yields. This method proves to be efficient and innovative,
which broaden the library of chromanones in pharmaceutical
chemistry and extend the synthetic utility of sp’® C—H
functionalization in organic synthesis.

This journal is © The Royal Society of Chemistry 2012
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